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(57) ABSTRACT

A method, an apparatus, and a computer-readable medium for
image registration and display are provided. In the method, a
registration request is respectively sent to each of the elec-
tronic apparatuses to control the electronic apparatus to cap-
ture a local image and return the captured local image to the
master apparatus. Next, an image registration is performed on
the local images to obtain registration information among the
local images. Then, a relative location between the master
apparatus and each electronic apparatus is estimated accord-
ing to the registration information. Finally, at least one frame
to be displayed are oriented according to the estimated rela-
tive locations and sent to the electronic apparatuses for dis-
play.

15 Claims, 3 Drawing Sheets
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respectively sending a registration request to each of
the electronic apparatuses to control the electronic

apparatus to capture a local image and return the 5302
captured local image to the master apparatus
performing an image registration on the local images to | 5304

obtain registration information among the local images

estimating a relative location between the master
apparatus and each electronic apparatus according 5306
to the registration information

orienting at least one frame to be displayed by the
electronic apparatuses according to the estimated 5308
relative locations and sending the at least one frame to
the electronic apparatuses for display

FIG. 3
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METHOD, APPARATUS AND
COMPUTER-READABLE MEDIUM FOR
IMAGE REGISTRATION AND DISPLAY

BACKGROUND

To cope with a busy pace of modern life, various mobile
devices occupying less space and easy to carry are developed.
Taking a smart phone as an example, the smart phone not only
has various functions of a conventional communication
device, but also allows a user to write documents, send and
receive emails, browse websites, or use instant messaging
software through software inbuilt therein. Namely, the mobile
device is not only used for making phone calls, but is also used
to provide diversified functions as that does of a smaller
personal computer, and with development of wireless net-
work techniques, usage of theses functions is not limited by
time and space, and for the modern people demanding effi-
ciency, such device has become one of independent tools in
daily life.

However, the mobile device requires features of lightness,
slimness, shortness, and smallness, and therefore a size of a
screen disposed on the mobile device is limited. The reduc-
tion of screen size may limit batches of information capable
of’being displayed on the screen. As aresult, images with high
resolution can only be displayed with limited display resolu-
tion, and details of the images are lost. Even though a user
may magnify the displayed image by using a zoom-in func-
tion, the view of image is reduced to a partial image. There-
fore, the requirements for resolution and completeness of the
image cannot be simultaneously satisfied.

SUMMARY

The present application is directed to a method, an appa-
ratus, and a computer-readable medium for image registra-
tion and display, by which multiple electronic apparatuses are
located and gathered to display a complete image.

The present application provides an image registration and
display method, adapted to a master apparatus of a plurality of
electronic apparatuses to orient at lease one frame to be dis-
played on the electronic apparatuses, in which each electronic
apparatus comprises an image capturing unit and a display
unit disposed at the same side. In the method, a registration
request is respectively sent to each of the electronic appara-
tuses to control the electronic apparatus to capture a local
image and return the captured local image to the master
apparatus. Next, an image registration is performed on the
local images to obtain registration information among the
local images. Then, a relative location between the master
apparatus and each electronic apparatus is estimated accord-
ing to the registration information. Finally, at least one frame
to be displayed are oriented according to the estimated rela-
tive locations and sent to the electronic apparatuses for dis-
play.

In an example of the application, before respectively send-
ing the registration request to the electronic apparatus, the
method further establishes a wireless connection with each
electronic apparatus to send the registration request and
receive the local image through the wireless connection. The
wireless connection is, for example, near field communica-
tion (NFC), Bluetooth, or Wi-Fi.

In an example of the application, before respectively send-
ing the registration request to the electronic apparatus, the
electronic apparatuses are closely placed on a same plane to
make the local image captured by each electronic apparatus
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have an overlapped area with at least one local image captured
by other electronic apparatuses.

In an example of the application, in the step of performing
the image registration on the local images to obtain the reg-
istration information among the local images, a plurality of
salient points correspondingly existed in the local images are
extracted, and the locations of the salient points in the local
images are utilized as the registration information among the
local images.

In an example of the application, in the step of estimating
the relative location between the master apparatus and each
electronic apparatus according to the registration informa-
tion, at least one parameter of each electronic apparatus are
obtained, and the relative location between the master appa-
ratus and each electronic apparatus are estimated by combin-
ing the at least one parameter and the registration informa-
tion. The at least one parameter comprises one or a
combination of an image resolution, a focal length of the
image capturing unit capturing the local image, a lens loca-
tion of the image capturing unit, and a display resolution of
the display unit.

In an example of the application, in the step of orienting the
at least one frame to be displayed according to the estimated
relative locations and sending the at least one frame to the
electronic apparatuses for display, a display frame is sepa-
rated into a plurality of portions and the portions of the dis-
play frame are respectively sent to the electronic apparatuses
for display according to the estimated relative locations.

The present application provides an image registration and
display apparatus, which comprises a communication unit, an
image registration unit, a location estimation unit, and an
image orienting unit. The communication unit is configured
to respectively send a registration request to each of a plural-
ity of electronic apparatuses to control the electronic appara-
tus to capture a local image and return the captured local
image. The image registration unit is configured to perform
an image registration on the local images to obtain registra-
tion information among the local images. The location esti-
mation unit is configured to estimate a relative location
between the image registration and display apparatus and
each electronic apparatus according to the registration infor-
mation. The image orienting unit is configured to orient at
least one frame to be displayed according to the estimated
relative locations and send the at least one frame to the elec-
tronic apparatuses for display.

In an example of the application, the communication unit
comprises establishing a wireless connection with each elec-
tronic apparatus to send the registration request and receive
the local image through the wireless connection, in which the
wireless connection comprises near field communication
(NFC), Bluetooth, or Wi-Fi.

In an example of the application, the electronic apparatuses
are placed to make the local image captured by each elec-
tronic apparatus have an overlapped arca with at least one
local image captured by other electronic apparatuses.

In an example of the application, the image registration
unit utilizes locations of the salient points in the local images
as the registration information among the local images.

In an example of the application, the location estimation
unit obtains at least one parameter of each electronic appara-
tus, and estimates the relative location between the master
apparatus and each electronic apparatus by combining the at
least one parameter and the registration information. The at
least one parameter comprises one or a combination of an
image resolution, a focal length of the image capturing unit
capturing the local image, a lens location of the image cap-
turing unit, and a display resolution of the display unit.
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In an example of the application, the image orienting unit
separates a display frame into a plurality of portions and
respectively sends the portions of the display frame to the
electronic apparatuses for display according to the estimated
relative locations.

The present application provides a computer-readable
medium, which records a computer program to be loaded into
an electronic device to execute the aforementioned method
for image registration and display. The computer-readable
medium is basically composed of a plurality of program
instructions (for example, an organization chart establishing
program instruction, a table approving program instruction, a
setting program instruction, and a deployment program
instruction, etc.), and these program instructions are loaded
into the electronic device and executed by the same to accom-
plish various steps of the method for image registration and
display and various functions of the image registration and
display device described above.

According to the above descriptions, in the method, the
apparatus, and the computer-readable medium for image reg-
istration and display of the present application, an image
registration is performed on a plurality of images capturing a
same scene, a plurality of salient points extracted from the
images are used to relative locations between the electronic
apparatus. As a result, a frame is oriented to be displayed on
the electronic apparatuses, so as to provide the frame with its
original resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the application, and are incorporated
in and constitute a part of this specification. The drawings
illustrate examples of the application and, together with the
description, serve to explain the principles of the application.

FIG. 1 is a schematic diagram of a method for image
registration and display according to an example of the appli-
cation.

FIG. 2 is a block diagram of an image registration and
display apparatus according to an example of the application.

FIG. 3 is a flowchart illustrating an image registration and
display method according to an example of the application.

FIG. 4 is an example illustrating a method for image reg-
istration and display according to an example of the applica-
tion.

FIG. 5(a) and FIG. 5(b) illustrate an example of expanding
a frame to nearby electronic apparatuses according to an
example of the application.

DESCRIPTION OF THE EXAMPLES

In the application, a plurality of electronic apparatuses are
closely placed on a same plane to capture images of a same
scene. The overlapped areas of the captured images are ana-
lyzed through image registration and used to estimate relative
locations of the electronic apparatuses. Finally, an image to be
displayed is separated into a plurality of portions and dis-
played on the electronic apparatuses according to the esti-
mated relative locations. Accordingly, a complete view of the
image is obtained.

FIG. 1 is a schematic diagram of a method for image
registration and display according to an example of the appli-
cation. Referring to FIG. 1, in the present example, four
electronic apparatuses 11~14 are closely placed on a same
plane, in which the electronic apparatuses 11 are, for
example, mobile phones, smart phones, personal digital assis-
tants (PDAs), or tablets. The electronic apparatuses 11~14
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may be closely placed on a same plane to make the local
image captured by each of the electronic apparatus 11~14
have an overlapped area with at least one local image captured
by other electronic apparatuses 11~14.

As shown in FIG. 1, electronic apparatuses 12~14 are
parallelly placed in a horizontal direction while the electronic
apparatus 11 is placed in a direction deviated from the hori-
zontal direction. The electronic apparatuses 11~14 respec-
tively comprises image capturing units 112~142 and display
units 114~144 at the same side. Since the electronic appara-
tuses 11~14 are closely placed, the image captured by each of
the image capturing unit 112~142 may have at least a portion
overlapped with the images captured by other image captur-
ing units 112~142 and the information contained in the over-
lapped portions may be used to derive relative locations of the
electronic apparatuses 11~14.

FIG. 2 is a block diagram of an image registration and
display apparatus according to an example of the application.
FIG. 3 is a flowchart illustrating an image registration and
display method according to an example of the application.
Referring to FIGS. 1, 2 and 3, the electronic apparatus 20 may
be any one of the electronic apparatuses 11~14 in FIG. 1 and
is used as a master apparatus for triggering and executing the
method for image registration and display. The electronic
apparatus 20 comprises a communication unit 21, an image
registration unit 22, a location estimation unit 23, and an
image orienting unit 24. The method for image registration
and display is described in detail below with reference of
various components of the electronic apparatus 20.

First, the communication unit 21 is used to respectively
send a registration request to a plurality of electronic appara-
tuses nearby, so as to control each electronic apparatus to
capture a local image and return the captured local image to
the electronic apparatus 20 (step S302). The communication
unit 11 may, for example, support signal transmission of a
near field communication (NFC), a Bluetooth, or a wireless
fidelity (Wi-Fi), and is used to establish a wireless connection
with nearby electronic apparatuses and transceive data
through the wireless connection.

Next, the image registration unit 22 is used to perform an
image registration on the local images received by the com-
munication unit 21 so as to obtain registration information
among the local images (step S304). In detail, the image
registration unit 22 may extract a plurality of salient points
correspondingly existed in the local images, and utilizes loca-
tions of the salient points in the local images as the registra-
tion information among the local images. The salient points
can assist in resisting rotational, scaling, and translational
errors and provide corresponding clues among the local
images of the same scene.

Then, the location estimation unit 23 is used to estimate a
relative location between the electronic apparatus 20 and each
of other electronic apparatuses according to the registration
information (step S306). In detail, based on the salient points
extracted in step S304, the rotation, the scale, and the trans-
lation among the captured local images can be derived and
further used to estimate the relative locations between the
electronic apparatus 20 and other electronic apparatuses.

It is noted herein that the local images captured by the
electronic apparatus 20 and other electronic apparatuses are
also influenced by the hardware specification of the appara-
tus, and therefore the estimation of relative locations of the
electronic apparatuses may require referencing parameters of
each of the electronic apparatuses. Accordingly, the location
estimation unit 23 obtains at least one parameter of each
electronic apparatus and accordingly estimates the relative
location between the electronic apparatus 20 and each of
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other electronic apparatuses by combining the at least one
parameter and the registration information. The at least one
parameter is, for example, one or a combination of an image
resolution, a focal length of the image capturing unit captur-
ing the local image, a lens location of the image capturing
unit, and a display resolution of the display unit of each of the
electronic apparatuses.

Finally, the image orienting unit 24 orients at least one
frame to be displayed by the electronic apparatus 20 accord-
ing to the estimated relative locations estimated by the loca-
tion estimation unit 23 and sends the at least one frame to the
electronic apparatuses for display through the communica-
tion unit 21 (step S308). In detail, the image orienting unit 24
may separate a display frame to be displayed into a plurality
of portions and respectively send the portions of the display
frame to other electronic apparatuses for display according to
the relative locations.

The aforesaid image registration and display steps may be
automatically executed by the electronic apparatus 20 as long
as the users place their own electronic apparatuses around the
electronic apparatus 20. After a while, the relative locations of
the electronic apparatus 20 are obtained and the frame to be
displayed are correspondingly oriented and sent to the elec-
tronic apparatuses for display.

Based on the above, the proposed method is able to expand
the frame originally displayed on one electronic apparatus to
multiple electronic apparatus nearby, and accordingly the
resolution and the completeness of the image can be simul-
taneously satisfied.

FIG. 4 is an example illustrating a method for image reg-
istration and display according to an example of the applica-
tion. Referring to FIG. 4, images 41~44 are captured by
mobile apparatuses 45~48. The mobile apparatuses 45~48
are closely placed on a table in an office with a front side
facing upward, and therefore the images 41~44 comprises a
plurality of features of a ceiling of the office. The captured
images 41~44 may be sent to the mobile apparatus 45 and
processed by the mobile apparatus 45 using image registra-
tion. The registered images 41~44 may reflect the relative
locations of the mobile apparatus 45~48 and therefore are
used to estimate the relative locations through processes of
calibration and mapping. Finally, the orientation of mobile
apparatus 45~48 are obtained. Based on the orientation, the
mobile apparatus 45 may distribute a plurality of frames to the
mobile apparatus 46~48 for display, so as to display an image
with original resolution.

In case the electronic apparatuses are placed at locations
having no scene or effective scene for reference, the user may
further place a reference object (e.g. his head) in front of the
cameras of the electronic apparatuses. Accordingly, the elec-
tronic apparatus may perform the image registration accord-
ing to information of the reference object, and finally similar
function can be achieved.

FIG. 5(a) and FIG. 5(b) illustrate an example of expanding
a frame to nearby electronic apparatuses according to an
example of the application. Referring to FIG. 5(a), the frame
512 displayed on the screen of mobile apparatus 51 is an
image cropped from a family photo. Because of the limited
screen size of the mobile apparatus 51, only mother and son
can be seen in the displayed frame. However, through the
image registration and display method described above, when
another electronic apparatus 52 is placed next to the elec-
tronic apparatus 51, the mobile apparatus 51 may automati-
cally trigger the electronic apparatus 52 and itself to capture
local images, perform the image registration on the local
images to derive the relative location of the electronic appa-
ratus 52, orients frames 514 and 516 to be displayed, and
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sends the frame 516 to the electronic apparatus 52 for display.
Finally, a whole family photo including mother, son and
daughter is displayed without miscellaneous settings or con-
strains.

The aforesaid image registration and display method may
be further applied to various location-aware applications. For
example, in a multi-party air-hockey game, the participant
may strike the hockey to another electronic apparatus at the
location relative to a current apparatus according to the direc-
tion that the participant strikes the hockey. Accordingly, more
participants can involve in the game.

The application provides a computer-readable medium
which records a computer program to be loaded into an elec-
tronic device to execute the aforementioned various steps of
the method for image registration and display. The computer
program is basically composed of a plurality of program
instructions (for example, an organization chart establishing
program instruction, a table approving program instruction, a
setting program instruction, and a deployment program
instruction, etc.), and these program instructions are loaded
into the electronic device and executed by the same to accom-
plish various steps of the method for image registration and
display and various functions of the electronic device
described above.

To sum up, in the method, the apparatus, and the computer-
readable medium for image registration and display of the
present application, the images respectively captured by cam-
eras of different electronic apparatuses are used to locate the
electronic apparatuses, and no additional hardware compo-
nent is required. According to the estimated locations of
electronic apparatuses, a frame is separately displayed on
various electronic apparatuses, and therefore the require-
ments for resolution and completeness of the image can be
simultaneously satisfied.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the application without departing from the scope or spirit of
the application. In view of the foregoing, it is intended that the
application cover modifications and variations of this appli-
cation provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. An image registration and display method, adapted to a
master apparatus of a plurality of electronic apparatuses to
orient at least one frame to be displayed on the electronic
apparatuses, wherein each electronic apparatus comprises an
image capturing unit and a display unit disposed at the same
side and the method comprises:

respectively sending a registration request to each of the

electronic apparatuses to control the electronic appara-
tus to capture a local image and return the captured local
image to the master apparatus;

performing an image registration on the local images to

obtain a registration information among the local
images;

estimating a relative location between the master apparatus

and each electronic apparatus according to the registra-
tion information; and
orienting at least one frame to be displayed according to the
estimated relative locations and sending the at least one
frame to the electronic apparatuses for display, wherein
the step of estimating the relative location between the
master apparatus and each electronic apparatus accord-
ing to the registration information comprises:

obtaining at least one parameter of each electronic appa-
ratus; and
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estimating the relative location between the master appa-
ratus and each electronic apparatus by combining the at
least one parameter and the registration information.

2. The image registration and display method of claim 1,
wherein before respectively sending the registration request
to the electronic apparatus, the method further comprises:

establishing a wireless connection with each electronic
apparatus to send the registration request and receive the
local image through the wireless connection.

3. The image registration and display method of claim 2,
wherein the wireless connection comprises near field com-
munication (NFC), Bluetooth, or Wi-Fi.

4. The image registration and display method of claim 1,
wherein before respectively sending the registration request
to the electronic apparatus, the method further comprises:

closely placing the electronic apparatuses on a same plane
to make the local image captured by each electronic
apparatus have an overlapped area with at least one local
image captured by other electronic apparatuses.

5. The image registration and display method of claim 2,
wherein the step of performing the image registration on the
local images to obtain the registration information among the
local images comprises:

extracting a plurality of salient points correspondingly
existed in the local images, and utilizing locations of the
salient points in the local images as the registration
information among the local images.

6. The image registration and display method of claim 1,
wherein the at least one parameter comprises one or a com-
bination of an image resolution, a focal length of the image
capturing unit capturing the local image, a lens location of the
image capturing unit, and a display resolution of the display
unit.

7. The image registration and display method of claim 1,
wherein the step of orienting the at least one frame to be
displayed according to the estimated relative locations and
sending the at least one frame to the electronic apparatuses for
display comprises:

separating a display frame into a plurality of portions and
respectively sending the portions of the display frame to
the electronic apparatuses for display according to the
estimated relative locations.

8. An image registration and display apparatus, compris-

ing:

a communication unit, configured to respectively send a
registration request to each of a plurality of electronic
apparatuses to control the electronic apparatus to cap-
ture a local image and return the captured local image;

an image registration unit, configured to perform an image
registration on the local images to obtain a registration
information among the local images;

alocation estimation unit, configured to estimate a relative
location between the image registration and display
apparatus and each electronic apparatus according to the
registration information; and

an image orienting unit, configured to orient at least one
frame to be displayed according to the estimated relative
locations and send the at least one frame to the electronic
apparatuses for display,

wherein the location estimation unit comprises obtaining at
least one parameter of each electronic apparatus, and
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estimating the relative location between the master
apparatus and each electronic apparatus by combining
the at least one parameter and the registration informa-
tion.
9. The image registration and display apparatus of claim 8,
wherein the communication unit comprises establishing a
wireless connection with each electronic apparatus to send
the registration request and receive the local image through
the wireless connection.
10. The image registration and display apparatus of claim
9, wherein the wireless connection comprises near field com-
munication (NFC), Bluetooth, or Wi-Fi.
11. The image registration and display apparatus of claim
8, wherein the electronic apparatuses are closely placed on a
same plane to make the local image captured by each elec-
tronic apparatus have an overlapped arca with at least one
local image captured by other electronic apparatuses.
12. The image registration and display apparatus of claim
8, wherein the image registration unit comprises extracting a
plurality of salient points correspondingly existed in the local
images, and utilizing locations of the salient points in the
local images as the registration information among the local
images.
13. The image registration and display apparatus of claim
8, wherein the at least one parameter comprises one or a
combination of an image resolution, a focal length of the
image capturing unit capturing the local image, a lens loca-
tion of the image capturing unit, and a display resolution of
the display unit.
14. The image registration and display apparatus of claim
8, wherein the image orienting unit comprises separating a
display frame into a plurality of portions and respectively
sending the portions of the display frame to the electronic
apparatuses for display according to the estimated relative
locations.
15. A non-transitory computer-readable medium, record-
ing program instructions for:
respectively sending a registration request to each of a
plurality of electronic apparatuses to control the elec-
tronic apparatus to capture a local image and return the
captured local image to the master apparatus;

performing an image registration on the local images to
obtain a registration information among the local
images;

estimating a relative location between the master apparatus

and each electronic apparatus according to the registra-
tion information; and
orienting at least one frame to be displayed according to the
estimated relative locations and sending the at least one
frame to the electronic apparatuses for display, wherein
the step of estimating the relative location between the
master apparatus and each electronic apparatus accord-
ing to the registration information comprises:

obtaining at least one parameter of each electronic appa-
ratus; and

estimating the relative location between the master appa-

ratus and each electronic apparatus by combining the at
least one parameter and the registration information.
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